This paper explores the price rigidity in China using 259 monthly domestic and foreign macroeconomic time series. A factor-augmented vector autoregressive (FAVAR) model expanded with global components is employed. Four findings are obtained. First, the model shows that disaggregated price indices are volatile but not necessarily stickier than aggregate price series, and the inflation triggered by global and domestic components is massive and persistent. Second, although the global components have minimal effects on price volatility, they have a growing contribution to volatility. Moreover, they are a major force of the price persistence in China. Third, no clear evidence shows that the price stickiness in China is subject to urban-rural disparities. Last, we observe a relatively active price volatility and high persistence after the 2008 financial crisis, in which domestic components have increasingly significant impacts.
Introduction
The outward-looking economic development path of China over the last 40 years has led it to build close trading relationships with other economies worldwide. The National Bureau of Statistics of China indicated that the gross value of imports and exports has increased fivefold over the past 15 years and accounts for 48.9% of the GDP of China on average. Foreign assets and liabilities increased from 15.5% in 2000 to 37.2% in 2015 as a proportion of GDP. In the wake of the continued integration of China into the global economy, the impact of globalization on the macroeconomic variables of China merits attention.
Numerous studies have shown that domestic economic performance is closely linked to global economic conditions. Using Vector Autoregressive (VAR) model, Zhang, Song and Wang [2015] showed that the global output gap measured by GDP significantly affected the inflation in China, which is closely related to changes in GDP. demonstrated that the quantitative easing policy led to the economic overheating of China in 2010 and 2011. Boivin and Giannoni [2008] showed that globalization had a relatively modest impact on the macroeconomic performance of the United States in recent decades and suggested that global macroeconomic factors affected the domestic economy via the monetary transmission mechanism of the recent decades. Mumtaz and Surico [2009] illustrated that the global interest rate and supply shocks in the United Kingdom significantly impacted inflation and output growth. Chen and Tsang [2016] indicated that external shocks noticeably influenced the economy of Hong Kong through trade and the capital market. Karagedikli and Thorsrud [2010] showed that global economic shocks, particularly inflation shocks, had significant effects on the economy of New Zealand. Kamber et al. [2013] suggested that the Japanese, Australian, and Canadian economies were particularly vulnerable and should consider the importance of external economic environment in formulating policies.
Among macroeconomic factors, prices are of particular interest because price rigidity is a major element of New Keynesian macroeconomic models. The assumption of nominal rigidity allows the monetary transmission mechanism to function, which makes monetary policy effective in the short run (Calvo [1983] , Yun [1996] , and Kehoe and Midrigan [2015] ). Maćkowiak, Moench and Wiederholt [2009] attributed price stickiness to adjustment costs and informational frictions. Adjustment costs were illustrated in detail by the traditional Calvo model and the menu cost model (Midrigan [2011] and Nakamura and Steinsson [2008] ); informational frictions could be explained by the sticky-information model (Mankiw and Reis [2006] , and Mankiw and Reis [2007] ) and the rational-inattention model , and Woodford [2009] ). The literature suggested that costs or constraints were the causes of price stickiness. The magnitude and persistence of sticky-price effects had profound impacts on monetary policy formulation.
Moreover, recent studies found that disaggregated data were more volatile and changed more frequently than aggregated data. Bils and Klenow [2004] , Clark [2006] , and Klenow and Kryvtsov [2008] illustrated this finding with U.S. data, Abe and Tonogi [2010] with Japanese data, and Dhyne and Konieczny [2014] with Belgian data. Therefore, when investigating price rigidity, aggregated and disaggregated data should be included and emphasized.
However, most studies that focused on the price rigidity in China did not study a wide range of domestic economic indicators and the global economic environment at the same time. Also, the situation of the price rigidity across different types of price indices at the aggregated and disaggregated levels remains to be studied; in particular few research so far has analyzed the price changes before and after the 2008 financial crisis. This paper hence contributes to filling the gaps.
To conduct an in-depth study on the price stickiness in China, we use the factoraugmented VAR (FAVAR) model with global factors proposed by Boivin and Giannoni [2008] and Mumtaz and Surico [2009] , which accommodates significantly more explanatory variables than traditional VAR models.
Based on this FAVAR model with a global sector and 259 domestic and foreign monthly series data, our analysis of the price rigidity in China centers on the following questions: (1) What is the price rigidity in China at both aggregated and disaggregated levels? (2) What are the main sources of the price changes in China, and how do prices respond to different shocks? (3) Are there any differences in prices between the urban and rural areas in China? (4) How significant is the role of global factors in the price rigidity in China, and has this significance changed before and after the 2008 financial crisis?
After analyzing the empirical results obtained from the model, we obtain four main findings. First, disaggregated price indices are more volatile, but not necessarily stickier, than aggregated series. The inflation driven by latent global and domestic components is large and enduring. Second, the effects of global components on price volatility are insignificant, but are becoming increasingly visible. Global components are also a major factor driving price persistence. Third, price series have become more volatile and persistent after the 2008 financial crisis, and the impact of domestic components on price volatility has grown remarkably. Lastly, there is no clear evidence indicating the existence of an urban-rural price difference.
The rest of the paper is organized as follows. In Section 2, we present the FAVAR model, which we use to extract representative common components that contribute to China's price rigidity. Section 3 reports the empirical results of price rigidity in terms of volatility and persistence, as well as its responses to different types of shocks. A comparison between urban and rural areas before and after the 2008 financial crisis is also presented. Finally, Section 4 concludes the paper.
Methodology and Data
Our work utilizes the FAVAR model proposed by Bernanke, Boivin and Eliasz [2005] . We extend the model by adding a global sector. In the model, shocks are decomposed into three parts, namely, global, domestic, and sector-specific. In this section, we first introduce the theoretical model before describing our data and the final model specification.
Model
Using a large macroeconomic data set, Bernanke, Boivin and Eliasz [2005] built the FAVAR model to trace the effects of domestic, sectoral, and monetary policy shocks on a closed economy. Following Boivin and Giannoni [2008] and Mumtaz and Surico [2009] , we introduce global factors into the FAVAR model to measure the effects of global economic shocks on the domestic economy. We assume that two regions exist, namely, the domestic region and the rest of the world, the latter is indicated by a tilde above the letter. In line with the specification by Boivin and Giannoni [2008] , Y t is a N × 1 vector of observable domestic macroeconomic indicators, andỸ t denotes a M × 1 vector of observable global indicators. These indices are assumed to be linked to unobserved common components which, according to Bernanke, Boivin and Eliasz [2005] , fundamentally shape economies.
X t denotes a vector that potentially relates to domestic unobserved factors, whileX t refers to a vector linked to global underlying factors. The abovementioned variables are assumed to be related through Equation 1:
where Λ andΛ are N × (J + 1) and M × K matrices of factor loading, respectively. The N × 1 and M × 1 vectors of series-specific errors, e t andẽ t , are uncorrelated with common components but can be serially correlated and weakly correlated across macroeconomic variables.
X t andX t are related to the (J + 1) × 1 and K × 1 matrices of latent factors estimated by the principal component analysis (PCA 
The reduced VAR model in Equation 3 indicates the transition dynamics, where Φ(L) is a conformable matrix with p-step lags. Structural factors,ũ t and u t , are i.i.d. with zero mean, as well as constant finite variance, and they can be cross-correlated.
Equations 1, 2, and 3 constitute the extended FAVAR model to accommodate global factors. We obtain latent factors before constructing the structural VAR model to build the extended FAVAR model.
For the common global components, the first K principal factors are identified by using a standard PCA from the data set of global macroeconomic fundamental indicators.
For the common domestic components, we conduct the two-step PCA proposed by Boivin, Giannoni and Mihov [2009] . The first step is to detect the underlying construct using a standard PCA. In the second step, the monetary policy instrument is added to further estimate the VAR in Equation 3. Of note is that the information of monetary policy instrument V t has been captured during the first-step estimation because it is assumed to be a true common component. However, given that V t is added to the common factors in the second stage, it should be uncorrelated contemporaneously with other domestic common components in the first step. To address the possible effects of the monetary policy instrument on other common factors, we (1) obtain the first J principal components of Y t from F
t , an initial estimate of F t ; (2) acquireλ
as the first J principal components ofŶ
t ; and (5) repeat steps (2) to (4) multiple times.
Data
The data set used in this paper includes a panel of 259 monthly macroeconomic series from January 2001 to June 2016. Appendix A presents a detailed description of data.
The variables are primarily obtained from the CEIC database, and others are retrieved from the Wind, Federal Reserve Economic Data, and OECD databases.
As a balanced panel, the data set contains three parts. First, global economic fundamentals are presented by 49 macroeconomic indicators from foreign economies. Similar to Boivin and Giannoni [2008] , we include data sets on industrial production, price, and short-and long-term interest rates from seven major economies, which constitute some of the major trading partners of China. We also expand the data set by adding indicators covering unemployment rates, policy rates, and money supplies, as well as the stock market indices of these seven economies.
The second part consists of a large data set from China. Having been found collectively effective in measuring the state of the economy by Bernanke, Boivin and Eliasz [2005] and Boivin, Giannoni and Mihov [2009] , the Chinese data set contains key indicators on industrial production, inflation, construction, public finance, investment, interest rates, exchange rates, and financial markets. Considering that Boivin, Giannoni and Mihov [2009] found that disaggregated price series helped estimate monetary shocks, we also incorporate 103 disaggregated price series in China, which include the consumer price index (CPI), producer price index (PPI), and retail price index (RPI). Disaggregated industrial production includes missing values. Data are unavailable for each January and February after 2013 due to the concern of the effect of the Chinese New Year. Under the assumption that disaggregated elements grow by the same percentage as the aggregated industrial production does, we replace the missing data with the product of the value of last year and the growth rate of aggregated industrial production to preserve data integrity for our analysis.
The CPI in each country is also adjusted by taking the value of the corresponding period in the previous year as 100%. Given the data set, the series are seasonally adjusted and transformed for stationarity. We rely on the methods of Bernanke, Boivin and Eliasz [2005] , Boivin, Giannoni and Mihov [2009] , and Boivin and Giannoni [2008] to adjust nonstationary data. The transformation details are listed in Appendix A.
Model Specification
Following Kaufmann and Lein [2013] , we select the number of foreign and domestic latent factors. Two global and six domestic common factors are identified from the large panel data set based on the IC p1 proposed by Bai and Ng [2002] . Boivin, Giannoni and Mihov [2009] selected five domestic factors for the U.S., which is close to the six that we select. The utilization of less or more factors does not fundamentally change our results. A one-step lag is selected regardless of the change in the number of latent factors according to the Bayesian information criterion. Finally, our model includes two global and six domestic common factors with a one-step lag to reduce dimensionality (Boivin and Giannoni [2008] ).
Empirical Results
We apply the extended FAVAR model with global components to analyze the price rigidity in China in this section which includes six main parts. First, we provide the details of the global and domestic common components that we identify. Second, the volatility and persistence of prices are studied at the aggregated and disaggregated levels, followed by an analysis of the sources of volatility and persistence. Third, the correlations between the volatilities of common and sector-specifc components and the correlations between price volatility and persistence are examined. Fourth, the price responses to shocks in terms of common components and monetary policy are presented. Apart from the three types of shocks, monetary shock, which is one of the domestic shocks, is studied as well.
Fifth, we compare price volatility, persistence, and reaction to shocks in urban and rural areas. Lastly, we compare the price rigidity prior to and after the 2008 financial crisis.
Details on Components
Global and domestic common factors are extracted from the data set based on the model introduced in Section 2. We investigate the relationship between each series in the data set and the latent factors. 
Volatility and Price Persistence
In this section, we study the volatility and persistence of inflation on aggregated and disaggregated price data.
Following Boivin, Giannoni and Mihov [2009] and Boivin and Giannoni [2008] , we decompose aggregated and disaggregated monthly price series and report the results in Monacelli and Sala [2009] similarly reported that aggregated CPI and RPI were less volatile and less persistent than their disaggregated counterparts in Germany, France, the U.K., and the U.S. The inflation in global and domestic common components is generally more persistent than the sector-specific inflation for both aggregated and disaggregated prices. As a result, the long-term inflation in China is more likely to be affected by common factors from economic fundamentals at home or abroad. Inflation in aggregated prices driven by domestic components exhibits the greatest persistence, whereas inflation in disaggregated prices driven by global components lasts longest. The sectoral components are shown to be less persistent.
Four general observations can be drawn from Table 3 and the analysis above: (1) The disaggregated price indices in China are more volatile than their aggregated counterparts.
(2) Sector-specific components are a greater inflation volatility source in disaggregated prices than in aggregated indices. (3) Aggregated PPI shows higher levels of persistence than disaggregated PPI, whereas disaggregated CPI and RPI series are stickier than their corresponding aggregated indices. (4) Inflation persistence as a result of common factors is longer than that arising from sector-specific shocks. These findings are consistent with the findings of Boivin, Giannoni and Mihov [2009] and Kaufmann and Lein [2013] for the U.S. and Swiss economies, respectively. However, one difference is that both of these papers concluded that sector-specific shocks are mostly attributable to the total variance in disaggregated prices. In contrast, we find that sector-specific shocks are the second largest source of the volatility of disaggregated prices. The inflation persistence driven by worldwide components is highest for disaggregated prices.
Correlations
Similar to Boivin, Giannoni and Mihov [2009] , we find that positive correlations exist between the volatilities of common and sector-specific components in China. Table 4 presents that the correlation between the volatilities of domestic (global) and sectorspecific components is 0.95 (0.69) for all disaggregated price indices. Strong correlations also exist in specific price series. In particular, PPI and CPI are similar in terms of their high correlation coefficients in domestic components. This finding indicates that firms in China adjust their prices promptly to foreign and domestic macroeconomic fundamental shocks.
We also study the correlations between price volatility and persistence. In the PPI, CPI, and RPI, weak positive correlations are observed between the volatility and the price persistence of price fluctuations generated by global components. The correlations are 0.14 for all prices, 0.24 for PPI, 0.13 for CPI, and 0.10 for RPI. However, for domestic components, the correlations between volatility and price persistence components differ.
They are -0.27 for all prices, -0.52 for CPI, 0.43 for PPI, and 0.11 for RPI. Similarly, the correlations between volatility and price persistence of sector-specifc components are inconsistent among indices. They are all positive except for CPI.
Carvalho [2006] stated that the inflation in highly volatile industries was less persis-tent, implying that the correlation between inflation volatility and its persistence was negative. Boivin, Giannoni and Mihov [2009] pointed out that the model by Carvalho [2006] was more suited for estimating the inflation volatility driven by domestic components rather than that driven by sector-specific components. Hence, the negative correlation in domestic components for disaggregated prices as a whole and the CPI series are consistent with the conclusions of the sticky-price model. However, positive correlations are not rare in empirical findings: Bils and Klenow [2004] and Cavallo [2015] provided such examples.
Apart from sticky-price model, the results in Table 4 are generally incompatible with the rational-inattention model. Beck, Hubrich and Marcellino [2016] suggested that the negative relationship between volatility and price persistence in global, domestic, and sector-specific components should be observed under rational inattention theory. The rationale is that companies are more focused on volatile factors due to limited attention and are more responsive to them, thereby leading to less price persistence. However, most of the correlations between the volatility and the persistence of these three components are positive in China.
Effects of Different Shocks
This section investigates the responses of prices to shocks. Specifically, the responses of the logarithmic disaggregated PPI, CPI, and RPI are studied, given a one standard deviation drop in global, domestic, and sector-specific components. As one of the macroeconomic common factors in China, the monetary policy of China is further examined with a one standard deviation decrease in the M2 supply of China.
Firstly, shocks from international, domestic, and sector-specific components are examined. Figure 1 presents the estimated responses of prices to the three types of shocks. Table 3 is considerably smaller than that of PPI (RPI), i.e., 0.18 versus 0.68 (0.48).
Inflation indices exhibit prompter and more moderate responses to global and sectorspecific component shocks than those driven by domestic components. After an adverse shock attributed to global or sector-specific components, disaggregated price series move toward a new equilibrium within a few months. Except for the situation in which CPI faces sector-specific component shocks, the price indices in other cases drop less than the reactions do in the middle panels when a negative global or sector-specific component shock appears. Compared with responses to global component shocks, responses to sectorspecific component shocks decay more rapidly and reach lower equilibrium levels. As reported in Table 3 , the average degree of persistence of all disaggregated prices due to shocks from global components is 0.66. In contrast, the degree of persistence due to sector-specific shocks is 0.17.
Second, we also investigate price adjustments in response to monetary shocks. In The size of the responses across inflation series also differs. RPI is the least volatile, whereas responses from disaggregated PPI and CPI are roughly identical in size.
Changes in aggregated price indices follow trends in the average response in disaggregated prices. However, a relatively large gap exists between the aggregated and average disaggregated CPIs, which suggests that the former tends to underestimate shifts in disaggregated prices. The gap is consistent with the conclusion of Kehoe and Midrigan [2015] that aggregated prices reacted slower to monetary shocks than disaggregated price series.
Urban-rural Difference
The disparity between urban and rural areas has become increasingly prominent in China.
Differences in price rigidity between the two areas are an important issue in monetary policy. Table 3 presents some statistics on aggregated urban and rural inflation in terms of CPI and RPI.
Our results show that the volatility of inflation in urban and rural areas is similar across indices. The CPI variance is 0.64% for urban areas and 0.60% for rural areas.
Analogously, the RPI variances are 0.64% and 0.70% in urban and rural areas, respecti-
vely. Approximately 90% of the variance in both areas is explained by domestic components. Aggregated CPI and RPI show that the inflation in rural areas is more persistent.
Price persistence is mostly related to common components at home and abroad. The volatility and persistence of prices in urban and rural areas at the disaggregated level are consistent with the results in Subsection 3.2 but are not reproduced here for brevity. The disaggregated CPI and RPI in urban and rural areas are more volatile, and sector-specific components play a more crucial role for both areas than at the aggregated level.
We also study the responses of aggregated and disaggregated prices in both areas.
Given a one standard deviation shock of global, domestic, and sector-specific components, as well as in M2 growth, the reactions of the inflation series are presented. The patterns of the responses to shocks are similar to the results of the full sample in Subsection 3.4. The price series adjust instantly and decrease rapidly to new equilibrium levels when exposed to the shocks driven by sector-specific components but react gradually when facing the shocks driven by common components at home and abroad. On average, responses to domestic component shocks are the largest, whereas responses to global components are the smallest. The effects of sector-specific shocks have the shortest persistence.
Excluding the right-hand side panels, Figure 3 indicates that the effects of global, domestic, and sector-specific shocks on disaggregated urban and rural inflation are almost identical in terms of size and persistence. In contrast, a relatively wide gap is found in the lower right-hand corner of Figure 3 . The RPI responses demonstrate that the impacts of a monetary shock on urban areas are slightly smaller than those on rural areas. This point is also confirmed by the reactions of aggregated RPI. In addition, the two rightmost figures illustrate that the average reactions of disaggregated prices to monetary shocks are more than those of aggregated prices.
The analysis on volatility, persistence, and responses to shocks in urban and rural areas presents that while an urban-rural difference exists in China, the price rigidity is similar between these two areas.
Differences Between Pre-and Post-2008 Crisis
With regard to the effects of the 2008 financial crisis, we conduct a comparative analysis, in which the full sample period is divided into two periods -pre-and post-crisis periods. The proportion of the variance explained by both global and domestic common components increases. The volatility of the disaggregated series attributed to global components is 3% before the crisis but increases to 5% post-crisis. Although the proportion of sectoral PPI attributable to global components remains constant, the upward trend in the overall sectoral price is confirmed by the rising R 2 of the disaggregated CPI and RPI series. Compared with the pre-and the post-crisis subsamples, domestic components also account for a higher fraction of total disaggregated volatility, rising from 39% to 62%. Thus, the proportion of variance caused by sector-specific components decreases from approximately 60% to about 40% after 2008. Along with sectoral prices, aggregated total CPI and RPI indices increase in the R 2 of global and domestic factors. Unlike CPI and RPI, aggregated PPI exhibits a drop in the variance driven by global components but a rise in variance driven by domestic factors. Given that the size of the decrease is smaller than the increase, the variance linked to sector-specific components in aggregated PPI decreases. Therefore, overall sector-specific components account for less of the price fluctuations after the crisis than before, at both aggregated and disaggregated levels.
The degree of persistence changes as well. At the aggregated level, the degree of persistence for PPI increases, whereas those of CPI and PPI decrease. However, the persistence of inflation in all indicators increases considerably at the disaggregated level.
After the crisis, the persistence in all disaggregated prices rises from 0.17 to 0.31. The persistence due to sector-specific components increases sharply, although the inflation in common components is more persistent. On average, persistence increases from 0.06 to 0.20 for total sectoral price series. The total PPI at the aggregated level exhibits a similar increase, and the overall RPI increases slightly. The most obvious change in aggregated PPI after the crisis is the shift of the main driving force of price persistence from global components to domestic components.
Apart from volatility and persistence, the behaviors of price changes in response to various shocks before and after the crisis are also studied. Figure 4 presents the results.
The dotted lines are the responses of sectoral prices to shocks before and after the crisis. 
Conclusion
This study uses the enriched FAVAR model with global components to investigate the price stickiness in China. Based on this model, we detect latent factors from 259 monthly domestic and foreign macroeconomic series and analyze the driving forces of inflation at three levels, namely, global, domestic, and sector-specific components. Given these components, the volatility, persistence, and responses of aggregated and disaggregated prices to the three types of shocks are analyzed.
The paper contributes to the field in three aspects. It combines global factors and vast macroeconomic indicators to explore the issue of price rigidity in China. This extends the scope of previous studies which were limited to restricted variables and the domestic market. Moreover, by comparing the price rigidity before and after the crisis, we further examine the effects of 2008 financial crisis on the price rigidity in China. Also, as the price based on the three types of indices, namely, PPI, CPI, and RPI are studied, we arrive at more comprehensive and robust results.
Four main findings then emerge. First, we identify that disaggregated prices are more volatile but not necessarily stickier than aggregated prices in China. The inflation related to global and domestic common components is more persistent. Similarly, common components at home and abroad are the main driving force of price volatility, but sectorspecific components are relatively more important at the disaggregated level than at the aggregated level. Price responses to shocks are included as well. Unlike the rapid reactions to sector-specific shocks, the price responses to domestic shocks are progressive and massive.
Second, global components have small but increasing impacts in terms of volatility.
Apart from that, price responses to global component shocks are gradual but modest.
Global components are also the major source of price persistence in China.
Third, we assume that the increasingly wide urban-rural gap exerts significant effects on the price stickiness in China. However, there is no clear evidence indicating the existence of an urban-rural price difference. The volatility, persistence, and responses to shocks are roughly the same in both areas.
Lastly, the 2008 financial crisis makes the disaggregated prices in China more volatile and more persistent, and it results in larger and longer responses to macroeconomic fluctuations. Furthermore, domestic components are more contributive to price volatility after the crisis. 
Appendices A Data Details
Format of the dataset employed is as following: series mnemonic; time span; description appeared in the database; region; transformation code and seasonality adjustment code. The transformation codes are: 1 -no transformation applied; 2 -first difference; 4 -logarithm; 5 -first difference of logarithm. The seasonality adjustment codes are: NSA -no seasonality adjustment; SA -seasonality adjustment applied. Obtained from CEIC, Wind, Federal Reserve Economic Data (FRED) and OECD databases, the dataset includes 259 monthly macroeconomic series. 
